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Links between short sleep duration and obesity, type 2 diabetes, hypertension, and cardiovascular disease may be mediated through changes in
dietary intake. This review provides an overview of recent epidemiologic studies on the relations between habitual short sleep duration and

dietary intake in adults from 16 cross-sectional studies. The studies have observed consistent associations between short sleep duration and

higher total energy intake and higher total fat intake, and limited evidence for lower fruit intake, and lower quality diets. Evidence also suggests
that short sleepers may have irregular eating behavior deviating from the traditional 3 meals/d to fewer main meals and more frequent, smaller,
energy-dense, and highly palatable snacks at night. Although the impact of short sleep duration on dietary intake tends to be small, if chronic, it
may contribute to an increased risk of obesity and related chronic disease. Mechanisms mediating the associations between sleep duration and
dietary intake are likely to be multifactorial and include differences in the appetite-related hormones leptin and ghrelin, hedonic pathways, extended
hours for intake, and altered time of intake. Taking into account these epidemiologic relations and the evidence for causal relations between sleep loss
and metabolism and cardiovascular function, health promotion strategies should emphasize improved sleep as an additional factor in health and

weight management. Moreover, future sleep interventions in controlled studies and sleep extension trials in chronic short sleepers are imperative for

establishing whether there is a causal relation between short sleep duration and changes in dietary intake. Adv Nutr 2015,6:648-59.
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Introduction

A sleep duration of 7-9 h for adults (2664 y of age) and 7-
8 h for older adults (=65 y of age) is necessary for optimal
health, whereas a duration of <6 h for adults and 5-6 h for
older adults is insufficient, according to the National Sleep
Foundation (1). The average self-reported sleep duration
in adults deviates from recommended sleep duration (2). Al-
though only 12% of US adults had reported <6 h of sleep in
1998, the prevalence of short sleep duration has steadily in-
creased (3). The NHANES estimated that, during 2007-
2010, up to 37.3% of US adults (=20 y of age) reported
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sleeping 6 h or less, whereas only 60.4% reported sleeping
7-9 h (4). Consequently, short sleep duration has been an
area of increasing public health concern (5, 6).

The relations between short sleep duration and anthro-
pometric measures have been extensively investigated in ob-
servational studies and reviewed in Advances in Nutrition
(7). Cross-sectional studies have found a significant associ-
ation between short sleep duration and higher prevalence
of weight gain or obesity in both children and adults (8-
10), with a higher waist circumference (11) and percentage of
body fat (12). Consistent with that, a recent meta-analysis
of prospective studies observed that short sleep duration
(=6 h) was associated with a 45% increased risk of obesity
compared with normal sleep duration (13).

Short sleep duration has also been investigated in the
context of chronic diseases. Self-reported short sleep has
been associated with hypertension (14), type 2 diabetes
(15), cardiovascular disease (16), and all-cause mortality
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(17) independent of weight status, possibly as a result of its
altering several metabolic markers that predispose individ-
uals to cardiometabolic diseases (18, 19). Cardiometabolic
markers, including higher systolic and diastolic blood pres-
sure (21), inflammation (22), impaired glucose tolerance
(15), and higher serum TGs and lower serum HDL choles-
terol (23) concentrations, have also been associated with
short sleep (20). Because cardiometabolic conditions have
strong nutritional determinants, links between short sleep
and metabolic disruption may be mediated through changes
in dietary intake (24).

The link between sleep and diet was formally tested by
Hicks et al. (25) in 1986 and thereafter by Lucero et al. (26)
in 1990. This review provides an overview of recent epidemi-
ologic studies on the relations between habitual short sleep
duration and dietary intake in adults and explores potential
mechanisms mediating these associations. Conclusions drawn
from this overview may help us better understand the complex
relation between sleep and obesity and other cardiometabolic
traits, and—along with evidence from experimental studies—
develop lifestyle reccommendations for the prevention of obe-
sity and related chronic disease.

Relations between Sleep Duration and Diet
Experimental evidence

Short-term, acute sleep restriction studies with experimental
study design have been conducted to assess the impact of
short sleep duration on health and dietary intake by accu-
rately monitoring energy intake in adults and also allowing
testing of causality and mechanism. Brondel et al. (27) ob-
served increased total energy intake (~22%) in men after
1 night of 4 h sleep restriction. Although increases in total
calories have also been observed by others (28-31), this ob-
servation has not been consistent (32, 33), and instead, dif-
ferences may appear in the intake of specific nutrients,
including a higher intake of total fat (27, 29, 30, 34), SFAs
(30), snacks (35), and carbohydrate-rich snacks—particularly
between the hours of 1900 and 0700 (32); postdinner snacks
rich in carbohydrates, proteins, and fiber (31); and dessert
(29); as well as a lower intake of carbohydrates (34) and dif-
ferences in the timings of intake (29, 36).

If the observed dietary changes after acute sleep restric-
tion, particularly increases in total energy, total fat, and
SFA intake and energy-dense late night snacks, are sustained
over the long-term and are not met by an equivalent increase
in energy expenditure, they may explain the associations be-
tween short sleep and obesity and chronic diseases. Because
the controlled settings of clinical trials investigating small
and selected subsets of adults offer limited generalizability,
examining habitual sleep loss outside the laboratory and
in larger cohorts is necessary to understand the risk of
chronic diseases, including obesity, in real life environments
(37, 38).

Epidemiologic evidence
We conducted a comprehensive PubMed literature search
for publications on habitual short sleep duration (assessed

subjectively or objectively) and dietary intake (total energy
or macronutrients) in adults. We also crossreferenced the ci-
tations from recovered studies. Cohort studies in children
and micronutrients were excluded. We identified 16 pub-
lished studies investigating the relations between sleep dura-
tion and diet derived from cross-sectional studies, which
have generally been conducted in national surveys and pop-
ulation-based observational studies (Table 1 and Table 2).

Total energy intake. Because energy intake is a major con-
tributor to higher BMI, numerous cross-sectional analyses
of observational studies examined the association between
sleep duration and total energy intake. Consistent with the
findings of experimental sleep restriction studies, observa-
tional studies of habitual sleep duration and dietary intake
have generally found an association between short sleep
and higher total calories (37, 47-51). Stern et al. (47) re-
ported a 1% higher energy intake in postmenopausal
women in the Women Health Initiative (WHI)? study who
self-reported sleep duration =6 h compared with normal
sleep duration (7 h). A subset of the WHI participants
with 7 d wrist actigraphic sleep recordings further support
this relation, indicating a significant negative correlation
(r = —0.162) between objectively estimated sleep duration
and total energy intake (48). This negative correlation appears
to be of a larger magnitude (r = —0.23) in a population of
obese adults with prevalent sleep apnea (51). In NHANES
participants, Grandner et al. (37) found that short sleepers
(5-6 h) reported the highest total energy intake (2201 kcal),
whereas despite having the highest BMIs, very short sleepers
(<5 h) reported the lowest intake (2036 kcal)—possibly be-
cause of the underreporting of intake—relative to normal
sleepers (78 h; 2151 kcal). Finally, studies that used objective
measures of energy intake further support an inverse link be-
tween sleep and energy intake, indicating that adults report-
ing =6 h of sleep consumed 178 kcal/d more than those
reporting =9 h (50). Inconsistent findings from other studies
(12, 39) might be due to differences in the prevalence of short
sleep duration in the respective populations.

In summary, evidence from epidemiologic studies is
consistent with that from experimental studies, suggesting
that sleep loss promotes increases in daily caloric intake. Al-
though some studies also observe modest increases in energy
expenditure in short-duration sleepers (18, 31, 50), as a re-
sult of extended hours of wakefulness, this appears to be of-
ten overridden by considerably higher increases in intake,
emphasizing the importance of alterations in intake.

Nutrients, dietary composition, and foods. Thus far, epi-
demiologic studies examining sleep duration in relation to
diet are widely variable in their focus and findings. These
cross-sectional investigations assess the impact of sleep du-
ration on either the absolute (37, 42, 48, 52) or relative
(42-44, 49) intake of nutrients or foods (39, 45, 46, 53).
Starting with nutrients, in the NHANES, Grandner et al.
(37) found that short sleepers (5-6 h) reported higher abso-
lute protein, carbohydrate, sugar, and total fat intake, but

Short sleep and dietary intake 649



(panuinuo))

's1adas|s [pulou Yim paledwlod siadsajs Hoys Ul MO
pue s19d33|s LoYs AIA Ul 15e3| 3y1 sem A1aLieA poo
(SO0 > d |[e) peYy s19da9)|s [ewiou uey Jaql Aieiaip JO
931Ul JOMO| B INg 18} [B10) pUE ‘S1ebns ‘sa1eipAYoaed
‘uiz104d Jo axeIUl JayblY B pey s19das|s Loys sealaym
‘(4 8-/) slada3js [eulou pIp UBY] 1B) [BIO} PUB I3ql
Aie1alp ‘siebns ‘sa1e1pAyogied ‘Uiioid JO axerul Jamo|
e pey os|e s1adaajs Hoys A ‘(1Y 1072) 1s2ybIy auya
pey (Y 9-6) siadas|s 1oys seasaym ‘(jedy 9£07) el
ABI2UD P10} 159MO| 31 PeY (Y §>>) s1adas|s 1oys AIA
(500 > d
lIe) (A 08-59 pabe) uswom Jopjo Ul eI (950°0)
V4Nd 12ybiy pue ‘(%g1°0) 1e} [e30} 184B1Y ‘(9%1£°0—)
91elpAyoqued Jamol pue ‘(ebe jo A #9-07) synpe
19BUNOA Ul (9601°0— :UDWOM 04| |'0— :UDW) ¥eIUl
V45 JaMO| pue uopeinp das|s Usamiaq parIasqo
Sem UO1eD0sse Juedylubis v “Ajuo sasjeue paynens
-X3S pue -26e U| JUSPIAS 2J9M DX elul JUSLIINUOI
-DBU 2A11B|24 PUB UOIRIND d33|S USIMISQ SUOIIBIDOSSY
‘SyDeUS wouy ABIaua Jo abejuadiad syl Ul 2dUIRYIp ou
YUM (E0°0 = ) Jauulp Jaje Jusnbaij siow pue Jaybiy
Sem 000C Joye 10 1e pauodal syoeus e woiy Abis
-U3 [e10} Jo abeuadiad ‘sdnoib uoneinp daajs ssoide
1341p 10U pIp S9POsIda 3DeuUS JO J3GUINU Y} SEISYAN
‘(#0000 > ¢) S[eaw ulew woij AB1sua Jo abeiuad
-12d Jamoy| pue (z000 = d) SYoeus woly Abisua Jo
905 = JO abeyuadiad Jaybiy e ‘(00 > 4) uondwnsuod
J2UuIp pue 1sepealq 1saMo| padodai s1adsals Uoys
"I9ASMOH “uoneInp das|s 01 Palejas 10U UM el
AbBi1sua pue saposids Buies Jo Jaquinu [L10] “(¥0°0 = d)
1ebns [e101 JaybIy pue (/0070 = ¢) U1eroid woly ABIaua
40 abeyuadiad Jamo| Aybis e pauodai s1adaajs Loys
‘dasys jo
Yy 8 0} / woJy uoneinp dsajs buiseaidsp yim pasead
-Ul (S9|qe19b3A pue S1INJ) JO S3B1UI JSMO| PU S199MS
pue siej JO el JDYDIY Ylim paledosse) buiies oeus
Se2I9YM ‘PISeID3P SINOY [euonuUSAUOD Buunp Hunel
(SO0 > d ||®) Ss9] 182 0} Buiki pue
'A1a1eA poOoy pasuejequn ‘JolAeyaq buiies Jejnbalil 1oy
SPPO Pasealdul YImM pale|dosse sem uopeinp das|s Hoys
(SO0 > d) 2eaul unuy pue ‘eay ‘Abiaua
[PIO1 JOMO| YIIM PaIeD0SSe sem uolieinp dasjs Uoys

6'6€

'L+ ¥,

76€

£9¢

%8¢

%511

9¢0l F 9rlc

L€8 + 891¢C

VN

6vS + /PSSl

VN

98¢ ¥ 1091

89 * /8¢

LV + 69C

6G * CLC

VN

¥'e F 0vC

€S

€S

0S

00l

4]

001

S99l F €9%

9€l * 6€S

L'¢l *+ 6'8¢

06 * VS

o=

06 ¥ 965

(SINVHN) s21€15 pauun

adoin3 pue s21815 patuN

(SINVHN) Sa1e1s pawun

se1eIs panun

ueder

euiyd

£8SS

90671

661'SL

€86'/C

09C'LE

7£8'89

(£€) €107 1dupuelD

(€¥) $10T "MYseq

() 10z ey

(1) 110T "Wyl

(o¥) L00Z "epIyO

(6€) C10C 'nL

SuoneAIdSqo
Aoy

Yy ;'uon
-einp
das|s

1e3y ‘@ye3ul
ABisud
|1elol

LW/6%
‘Iwg

4

K ‘aby

uoibay

u

[CREYEIEY)]
1eaf “Joyiny

Fwv_MuC_ >._muw_ﬁ pue uoneinp wa_m Uo saIpnls |euoildes-ssolD) L 319V1L

650 Dashti et al.



(panunuo))

Xapul
Ul aseanul feuonippe 1ad (500 = 4) o3eiul 1ey Jaybly
%EL'D PUE (€00 = d) el A1IPAYOAIED JMO| %/ 10
UM ‘Uonisodwod JUSHINUOIDRW Ul YIYS B Ylm paje
-ID0SSe Sem (Xapul 9dueaunisip Alojelidsal sy Aq paied
-lpul se) eaude daays JO ALRASS (5100 = d ‘€70— =)
pa1e|al A|9SIaAUl 21aM xeiul ABIaus pue uoneinp dasg|s
“AJUO Sjepow paisnfpeun ur axel
-ur ABJaua yum paieidosse AjasiaAul sem uopeinp das|s
(S00 > d) suteib sjoym
pue ‘s3|qe1abaA ‘s1INJ} 104 S90S ANSISAIP S |[oM Se
'SAQ Pue [3H JO 3N[RA 1SOMO| PUB (500 > d |[e) suesq
pue ‘sulelb sjoym ‘sunij 4aqy ‘uiiold wouy Ab1aus abe
-JuDJad JO ¥eIUI 1SOMO] ‘SD1RIPAYOGIED WO} ADIBUD
abejuadiad pue (|edY Z60¢ ‘s19da3|s [PWIOU {|BDY 9017)
el AB1sud 1saybiy oY1 pey s1adasjs uoneinp-Loys
"9yeIul AIRIRIp O} palefal Jou sem uoneinp dasg|s
pauodal+|as “(#00'0 > d |[B) JusjeAinba joiaydod03-0
pue |01aydod01-A ‘|01215310YD ‘S\Y4Nd ‘SY4S 'S4 subil
'SY4NIN '1ej [PI0} JO Sxe1Ul Se [[om se ‘Sxeul ABIaua plo}
yum ApAnebau pareaaiod uonelnp dssls diydelbnoy
‘dasjs punos A1sA 1o punos paniodas oym 5oy pip
ueyl (9100 = d) 1ey WoJj sauoled jo abejuadiad Jaybiy
B PaWNsU0d das|s ssaisal AISA IO ssaisal buiney
3504} pUe (G100 = d) S91eIpAyogied wolj salofed Jo
2beuaDIad JaMmO| B pawinsuod siadaals Aljenb-das|s
-2bRISAY "D¥RIUJ YLIM P3IRIDOSSE Sem os|e Aljenb das|s
5190395 (Y £) [ewiou yum pasedwiod SO0Z-13HY SY3
AQ passasse se (F0'0 = ) Aijenb 1a1p Jamo| pue (100
= ) el AB1sus P101 IaYBIY 9%0°| e pey siadas|s Loys
(SO0 > d |[e) 321p 1e-ybly e pue uoneinp das|s Uoys
U99M13q UONLIDOSSE 9y 0} A|[e1Dadss ‘sjenpialpul
9530j0UOU Buowe 196U0IIS 319M SUOIIRDOSSY "POO
15e) Bunes usyo pue 131p 1ej-ybly e ‘yeiul s|geIaban
pUE 1INJ} JSMO| YUM P1eId0sse sem uopeinp das|s 1uoys
(SO0 > d ||B) pooy A1jes AiaA pallajaid pue ‘sigey
Hunes senballl pey ‘IN0 S1e ‘S|eall Uaamiag paydeus
‘salpuanbaly Jejnballl 1e sjesw Jlsy 91e ‘sa|qe1sban Jo
SJUNOWE JURIDYYNSUI PAUUNSUOD s1adaa|s UoieInp-UoyS
's19d39|s [PLIOU Yum pasedwod Aep
13d (1000 > o) 2¥PIUl 21RIPAYOCUED JOMO| 98| B pue
(1000 > d) el 18) Jaybiy %G | e pey s1adas)s BoyS

80 * 09

¥'se

(3513

VN

L'EE

9¢

091

9Ll

689 + 6/CC

VN * 0S¥¢

99/ F 98¢¢C

VN

cleoz

VN

VN

Ly + 1S€C

¥'9 ¥ /'8¢

Iz4

8¢ + 91¢C

VN

(65T

VN

Se F+ G

LL

59

00l

001

00l

LL

¥S

L9 F €0F

9l * [L0C

8/ ¥ 089

(0€9

VN * VS

65-0¢

Svl + 0Ly

SRS PaNuN

SRS pPauN

ueJ|

S21L1S pPaluN

SRS pPauUN

SO1L1IS PAUN UIDISSMPIA

uedef

eulyD

1344

oLy

6SY

69/

Sl

000¢

8¢8¢

(1S) 10T "leD

(0S) ¥710¢ "uosianed

(6%) ¢10T 1soopreybiybeH

(8%) 010T "I2upuein

(L¥) ¥10T "w2s

(9%) 800C 'sherewes

(St) 00T "Mew|

(¥¥) 800 "US

Suo1eAIdSqO
E)]

y uon
-einp
«EETIN

|edy ‘axelul
ABiaua
|elol

Lw/6
ng

K ‘aby

uoibay

[ERIEIETEY))
1eak “1oyiny

(panunuod) L 31aV1

Short sleep and dietary intake 651



(7=
S e
er tak
leep in ts
ls er lfal
a Wi a
orm: dlod tot ausa
id n rte an op leep
dl ePO T, en- S -
n ) 1 ibe tm hic ela
thash f 0s e e
r <. ary fP-r cO. tak
1 1.
fibe ers die et o act tive te 1n rol,
. a e
'etar}t’ Sleepgars’ subswlt; negbsoilolesiNHI
di r su a Y.e a
of Shoates, InI studntlﬁ and nd Cameietarg
ake ery dr ers. H ide ion S,aes d an
'tthYPW) tIFAth-th.ed
- ol e s o biectiv rve
b, whe . n the p durat fr°mt1Y blective nd
lo w.n,m)ltlees, nuoa_
8h), tei nor 59 e ics SFA tlon,ﬁca ns the ion re
f prodid =4 dne aphII:AS’ dura ignltwee to durat also nd
o n an ior s e te ts a
: B Gr ey o seoy fate s bribuleep s ol nly,
S oo, VUEA d eemen o N o ake
=4 < w atio ¢ U rte co em o een se du en ta
32 v ur betWM e re R be o B ed
g % bt \i d ns lfat,lf I‘e% nodisags m be lyosleeong tein ort d
C“@U ° i ¥ e $ r n
NE%§8§ s t?mms“sdzﬂawzmidacm mﬂpmnﬁiam
5958 2 3 5%% 5 o erea ant ene me rela o betwtaketota me atio ece )
B'igaw‘;a’m g h'lp G P or udys in.h wo ur arhOr
%ag?bgeé < Wrtlcnts- sleehecASt ion ol wit ekpdin ts -
%g‘c“fégo‘; 5 a ie ic t lat ter re e d ha m
m‘of cwvwv Pr hic ¢ ). s-nGle.e t sul
' § - % = .q% % '% § % ; % nqurapceS 121; (54C0rr(e:holeelatcll; in en sntlf;ultse Inlatlon
.C—_¥~‘_ U(‘US]{ " 1 n T e‘de ~e .n-
mgwg ai?osg ~ C e.ta.e Orutwl aakr 1
L c v*—’mﬁ~559 &) a_fer n tiv ry ¢ st e ) 99 int: e re T
UwﬂJABkU“q)?S S N fi 1 a~ta.e 1 b 2 1 1 th a_ e
l'% £ %é 9§§§ 3§§‘§ < d}etarY ne% die atlvsmaltion 1 (4 15’ugaring tion high
%ﬁggv 2§§ v 878;% g dlrtei ananeg‘varrela ot 1}) totalsssessdura ard of
Hov‘lcov8§w;> a 0 as ) t to a oW t
eo‘”g)m m%ccvgmo e I’FaS tr Can~ngr~S ept nS
Egi? ¥ % g5 g 3 ] 7 s el C"nitiveuy) Kcludlhighetudled end Peigtion
tﬂ_~»— 8 g o= g & ¢ & 2 n S : S n ion. i .
E :Olm =2 p s I o.a.lnd aa 0.€t1gm
i§ S gl 5 ﬁé %% g g2 2 ?52)' akl; Flrllyslsporte fromtak‘;estsd uratln ln?nVeSary C:rgy
< s wﬁm 7>*ﬁg k= e 2). a e s in itio iet n--
m,Z%c?é 5#?5“bé~ ¥ W(l n iy It t ug iti er ie e n
:%OOPUN~UUQ“‘ 3 a sah) su'erl seepos th dal !
o@k”’-ps Qmwgecmg 2 As E 6 re ri ce sl p 0 €s t g}’al
= g = g © [ :qu = I {5>g I - F N = h t n t m ) ¢ to er t:
® cZ L ﬂ)mNLEwﬁx 5 S A (= nu'de or 0 5), cn r n to
R LL|’Cb% mg:;oa.x—w = H S ug e V1 h c (5 flu fo le in in-
w383¥0 a~cw9usyn 5 Nerholut e-SrYk in d ta 1'1
:cmHEvU_O w>\0£q,;EuC =1 P t! 0 t ln,ta is 1 te tO.I’l 159
.Qm‘oq-’% &64473—}“‘@@ ) lee albs en t ie r1 ion jus f.tlo 'S
oeaaz :gmcw&mc =S s en a IT fa die t1 dj Ola al n
S A“C.gm‘c e o Iy, u f~ i a a es r n; TO d
E‘ﬁ g é% EE S Es 5 £8 v met‘weennt, Cake (;es lzbespt}éu}rlave enta%of Vaeta‘aent frt ane
©° = Cvc O@Qg £ . e. ¥ €] C C al
OQS%D“Nogum@ 2 be ist n an se 1e.s re tmeS e w
pumﬁumﬂomﬁﬁgg s ha51°¢n=ndH
gm> m‘mum:o nte crer dspllle r-mu
3*%3 gﬁggzggﬁ = co lu se inc he stu a ro ec ean fo t1u0n
‘C)O‘—’<( osk.ugw@> 0 o) au lhet nts nt ar Prts or cr 3).
o ®000‘5>8*«1 @ ab C ke ly, ie 0 n rOho ns a 4
2 Qu_’ﬁ"l@c 2 Be ta dw.ng tr s C I Euo 0 m (
R gLL&uC“éB@ = in se rdi nu u 9). of C Cnd s leep
. g‘ : g ; é_é £ éi . total aSSeSACCO ssedses: 34’ 4ants fthjolo‘%iyon;grouir s 4y
+ 9«;%87;“3“{8 S ve . realy ) -ip-som a hor 0-6 -
© ~ o/{j = 4 C’(\Tq: 3 ha ition Xp n (4 tic die ide ur ifie S (2 hy
- ““g‘”mﬁﬁw © it re.@1 d ar u i d ti n r bo e
ox}n = S r e t a € (S r
I;ﬁg it 96 5 é :‘.53(:4 E p(iakeothelsum 906hIZ)rts i EEleeiSt;etWeounge ca intalze
mC . = mg’?g"\ . . .V :
§.§ 2 o 5@3“5 3 = & %%’ T lgke lns Corio 141’1 C%enogeennd Sfion in yrelat;,UFthlneals
g 8 g*a%“imms g t ie a e ocin ¢ idu
2 N .’i->3‘“.“ﬁ<) o lor up pe in b - Cl takher'e 28d%
+ %EQ‘Q\EEWO & a.g rOhl s ge SO in ig t1V28 d.lVlS
2 “a«,SEO% o cdlnEu c ion_a aSA hi elaf in. 1‘-d
Tum =] E\giccl,;,%‘d = u ar.t 1nt F, r.O ld 1
£ : 2 %g < o = 2 S 5 % CIS andRese soc%aion.ﬁcan_ve S wlthwer alysis thath ha an dz)
3@?— ‘égo'ﬁzﬁg% = U'gdas slt.nl lati nddloan ed7 th. (4
,—uaes% §A§s%gg§ 5 gin e po sig re ,aan erf< /d al. ng
‘55?‘:‘ ﬁ - m%w;ggdﬁ 3 Abservomdaher enfat’ nAnobS Otakeet d lo i
ToE o @s‘éewoﬁé g C~ﬁe ig om e'e 'on'n t n ro
T @:2_’2" ~§§§~E% 8 OrlcntcntlndhdWtOtalwomvauraufathan rtampdy
2 . Sat gy it 2 telqonanaitivi-age) Sleep dghez44)'h *ho o "t
| & wDEEE R © Wi t e u le i e
~ + 4] £ S IS € S h t rgy S _
= e @ogmwuﬂﬁo S ra m I ot 8! s ) o e ly, a r
z5 7 E £2 2 '§§§ g d}lage)lowesr ny Ila?hortl.S(Zo 9 hhat lz)f  Fin] ith " Pegy
o b= eyu~OEmu N 6_1d d (_t Whe er
< mmﬂ{@ﬂm?g ~ Ote) (g e n S (S S. e. n _
QUSV‘M‘F\~ ¥ a r. Tt a s E ag er. S 1g e a
3 g2 e 2 g A dr olde esldnzp" ate NHAN centleep thohe h e dur
© g\g-g & é‘; g% nr} in ltsrelf_rhydr sle NH pern S hat dt lowleep
B 5 9'>§§§ﬁ%'§ < adu o ion he futio dt)haandals may
+ 58“‘5%388 X ith car rat.ntlowul‘a un6hteS rm rs_n;
N < E %é %g?ig 5 Wlwerlduedlda1 al'dnfo (< ydrath no leepesitlo
*—‘Qg 3 > . .
> H < &?ggg%égé 53 lo rma servorteormome tlonboh wi rtsmpo
CD(\! Omﬁ:ufqébm o) no ob ep nw ra ar! se hoco
28 5;?3§“§§ g lwemrmimzﬂﬁm;nm mmmn
ongvi~g g a n a ee fio t o
i%%-aé ggqg z sléepthager t sltake lative gester pr
a%-é it 5 £ 8 o sho int re o
+>%5@28Q 2 fy d gy €in ie d
EéﬁiUEnL = o rte ne ot ud an
Emﬁa : rep"ageemp(;g» e studie
c wmw"av188$ s t: fro) he.he
o g 3 3\9 [ 9‘% = n t
B 3 £ 5 %%; = z intake —Shely’ fhig
& ] -%'gwﬁi é% Jd , in (6 ctlYtSO
= g P 5 £ < 5 © 3 e g tion olle die
mA—r\ *-ztv(,, o] <
: 38‘1 'k e
EgEAiegg 7 3 ons
= %ﬁ‘x_,\or'\ o o
o s%,%;%?:gmgﬁ ¢
Vel agw ‘U:mSQ ,\0.)
ng_)’\wlj.‘_,mg\oj
S wa%i“ﬁﬁggggg
Ewww§m~M$ P
_ §5§§§€§§§5
< s 53 “J§;<f 2 S
= %"%EZS%W
S “’55#"5—
o = @ ‘m
N Lgbmo
g E 1 F
© Tum
3 89/ N
© -
< dJU < [e)
= >:5 c o
S 2 2 £
S =L 8
-
<
w
—
-]
=

l.
ieta
ashti e
D

2

65



however, results for carbohydrate composition remain
inconsistent.

Other studies have focused primarily on the effects of sleep
loss on food intake. Reports from a large study of 68,832 Chi-
nese women in the Shanghai Women’s Health Study identi-
fied associations between self-reported short sleep duration
(<6 h) and lower tea and fruit intake (39). Meanwhile, an in-
vestigation of 2000 Japanese factory workers observed that
short sleepers (<6 h) reported consuming fewer vegetables
than did normal sleepers (6-9 h), as assessed with the use
of a dietary habits questionnaire (45). Similar results were
found in a cohort of 1125 US adults residing in the Midwest,
which reported an association between short sleep duration
(<7 h) and 75% increased odds of low (1-2 servings/d) fruit
and vegetable consumption (46). A cross-sectional analysis of
410 young women further support the associations between
short sleep duration (<6 h) and a lower intake of fruits in ad-
dition to lower dietary fiber, whole grains, and beans (49). In
summary, results from a few studies investigating the link be-
tween sleep duration and foods support the relation between
short sleep duration and lower intakes of healthy foods; how-
ever, these investigations remain sparse.

Diet quality. Two cross-sectional studies have examined the
relation between sleep duration and diet quality (based on val-
idated healthy eating indexes). In postmenopausal women par-
ticipating in the WHI study, Stern et al. (47) observed that
women sleeping =6 h had diets of lower quality than women
sleeping 7 h, according to their scores from the Alternative
Healthy Eating Index—2005, which assessed diet quality based
on foods and nutrients related to chronic disease risk. Simi-
larly, Haghighatdoost et al. (49) reported in an analysis of
young women that short sleep duration of <6 h was signifi-
cantly associated with lower diet quality according to their
Healthy Eating Index scores tabulated from 10 various dietary
components. Further investigation in men is necessary to de-
termine the consistency of the identified relation between short
sleep duration and lower diet quality. The link between short
sleep duration and lower diet quality may also result from sub-
optimal nutrition resulting from food insecurity (56, 57), with
studies from NHANES having shown that food insecurity is
also associated with short sleep duration (58).

Dietary behavior. Dietary behavior (i.e., all food-related
behaviors independent of intake) also appears to be related
to sleep duration, based on cross-sectional studies. In a large
investigation of over 30,000 Japanese individuals, Ohida
et al. (40) observed that sleep loss was associated with in-
creased odds of self-reported irregular eating behavior (de-
fined as not eating 3 times at determined times), unbalanced
food variety, and trying to eat less. This is supported by an-
other study of Japanese factory workers that observed that
self-reported short sleep duration was associated with irregular
meal times, snacking between meals, eating out, and other
self-reported irregular eating habits (45).

The shift from meals to snacks with short sleep was first
observed in a study of college students in 1986 (25), and later

supported by recent studies of adolescents (59) and adults
(41). Results from principal component analysis indicated
that conventional eating (i.e., eating during conventional eat-
ing hours from breakfast to dinner) decreased with short
sleep, whereas snacking or irregular eating (i.e., dominance
of snacks over meals) increased with short sleep (41). Like-
wise in the NHANES, Kant et al. (42) observed that although
the total number of eating episodes and snacking was not re-
lated to sleep duration, short sleepers reported less breakfast
and dinner consumption, and more frequent snacking at or
after 2000, specifically, after dinner. Not surprisingly, food
variety in short (5-6 h) and very short (<5 h) sleepers also
tends to be lower than in normal sleepers (7-8 h) (37).

In summary, these studies suggest that short sleepers tend
to deviate from traditional and daytime eating to unconven-
tional and irregular nighttime eating.

TABLE 2 Summary of relations (references) between short sleep
duration and dietary intake'

Intake Higher Lower
Total energy intake, kcal (37, 47-51) (39)
Absolute intake of nutrients, g

Total fat (37, 48)

MUFAs (48, 52)
PUFAs (48)
SFAs (48) (12)
Trans fats (48)
Cholesterol (48, 52)
Total protein (37,52
Total carbohydrates (37)
Sugars (37,42
Dietary fiber (37, 49)
Relative intake of nutrients, % energy

Total fat (43, 44)

PUFAs (43)
SFAs (43)

Total protein (42, 49)

Total carbohydrates (43, 49) (44)
Foods, servings

Fruits (39, 46, 49)

Vegetables (45, 46)

Tea 39

Whole grains (49)

Beans (49)
Diet quality? (47, 49)
Dietary behavior

Irregular eating® (40, 45)

Food variety (37, 40)

Trying to eat less (40)

Irregular meal times (45)

Main meals (42, 41)

Snacking (41,42, 45)

Eating out (45)

" Sleep duration was assessed via self-report, i.e, “How many hours of sleep did you
get?” (12, 37, 39-47, 49, 50), a 7 d sleep diary (12), or objectively via 7 d actigraphy
(48, 51). Short sleep duration is defined as <6 h (39, 40, 45, 49), =6 h (37, 42, 47, 50),
or <7 h (41, 44, 46). Dietary assessment was measured via a validated FFQ (39, 43,
47,49), a semiquantitative FFQ (48), a block FFQ (41), a 24 h dietary recall (37, 42, 52),
a 3d food record (44, 51), objectively measured doubly labeled water (50), or a life-
style questionnaire (40, 45, 46).

% Based on Healthy Eating Index or Alternative Healthy Eating Index-2005.

3 Defined as not eating 3 times at determined times.
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Potential Mechanisms
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Mechanisms Relating Sleep Duration and Diet

The impact of sleep on dietary intake is likely to be multifac-
torial, and numerous mechanisms have been proposed and
examined (Figure 1) (57, 60-65).

Leptin and ghrelin (energy homeostatic control)
Among the most investigated mechanisms explaining the link
between sleep and diet is a homeostatic control hypothesized
to increase hunger during sleep deprivation through changes
in the appetite-related hormones leptin, an adipocyte-derived
hormone that suppresses appetite (66), and ghrelin, a
stomach-derived peptide that stimulates appetite (67). A
study by Spiegel et al. (68) showed that 2 consecutive nights
of 4 h sleep restriction induced an 18% decrease in leptin
and 28% increase in ghrelin; however, these findings have
not been consistently reported in sleep restriction experimen-
tal studies, and this may be due to inadequate adjustment for
total caloric intake, which influences the concentrations of
these hormones (28, 33). Meanwhile, some epidemiologic
studies observed significantly lower leptin (47, 69) and higher
ghrelin concentrations, or both (70), among short sleepers
after adjustments for BMI (70) or total body fat mass (47).
A shift to increase hunger via these hormones may potentiate
an increase in total energy intake in short sleepers, and—if
unmet by an equivalent increase in energy expenditure, as ob-
served in experimental studies (31) and suggested by low
physical activity levels among short sleepers in epidemiologic
studies (46)—would lead to energy imbalance.

Hedonic factor

Emerging hedonic pathways provide an additional potential
mechanism by which sleep loss leads to changes in dietary in-
take (38). St-Onge et al. (71) observed enhanced activity of
the brain reward and food-sensitive centers in response to
unhealthy food stimuli in 25 normal-weight adults after a
4 h sleep restriction protocol lasting 5 d compared with those
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Suggested Relations

Quantity:
Total Energy: Higher total energy intake —_
Nutrients: Higher fat, cholesterol, carbohydrate
Lower protein, fiber
Foods: Lower tea, fruits, vegetables, whole grains, beans
Composition:
Nutrients: Higher relative fat and (carbohydrate)
Lower relative protein and (carbohydrate)
Quality:
Lower quality according to HEI and AHEI
Behavior:

+ Irregular eating behavior » ObeSl[‘y
Unbalanced food variety
Eat out more frequently

Snacking between meals

Distribution:
Fewer main meals
+  Frequent energy-dense snacking
Timing:
Increased evening intake

Increase in Energy Expenditure (minor)

nondietary pathways leading from short sleep duration to obesity. AHEI,

getting 9 h of sleep. These neuroimaging experiments suggest
that sleep restriction enhances hedonic stimulus processing
in the brain and alters brain connectivity, providing greater
reward of food with sleep loss (34, 71-73); it may also blunt
the activity of appetitive evaluation regions during food
craving, affecting food decisions (74). This enhanced reward
may mediate the increased intake of total energy and highly
palatable, energy-dense foods and snacks in short sleepers.

More time for intake

Short sleep results in extended hours of wakefulness that pre-
sents additional opportunities to increase food intake. These
hours are typically uncommon for conventional meals (late
night and early morning). Therefore, additional eating events
typically appear to be in the form of convenient carbohydrate-
rich and energy-dense snacks (42), favoring snacks over
meals. The snacking behavior observed in short-sleeping
children (59) and adults (32) may contribute to higher to-
tal energy intake and affect dietary composition and qual-
ity, resulting in obesity and other chronic conditions.

Altered time of intake

Emerging evidence suggests that the effect of calories on me-
tabolism and health depends on the timing of intake. Late-
time eating, particularly between 2200 and 0500 (after dinner
and before breakfast), is common among short sleepers as a
result of being awake at altered times (42, 53). Baron et al.
(53) observed that calories consumed after 2000 significantly
predict higher BMI, independent of age, sleep timing, and
sleep duration. Garaulet et al. (75) observed among over-
weight and obese individuals on a 20 wk weight loss inter-
vention that late eaters are less successful at weight loss
than are early eaters, independent of 24 h caloric intake, sug-
gesting that timing of food intake is an independent predic-
tor of weight loss success. Additional investigations provide
further evidence for the role of timing of food intake on



BMI, weight loss maintenance, glucose tolerance, and meta-
bolic health (76-80), and such timing may be related to dif-
ferences in hormonal profiles, expression of key metabolic
genes, and functionality of organs involved in digestion (81).

Limitations, Research Needs, and Health
Implications

Limitations of existing literature on sleep and diet
Several limitations hamper the generalizability and consis-
tency of the identified findings. First, all of the epidemiologic
evidence to date is derived from cross-sectional analyses,
which cannot inform temporal relations or causal pathways,
and it is conceivable that dietary intake has an impact on sleep
(82) or that there are shared underlying interindividual differ-
ences that affect both sleep and diet in parallel. Furthermore,
the studies described include populations of varying age
groups, sex, and geographic regions (US, European, and
others) with different lifestyle habits, dietary patterns, and
cardiometabolic disease risk, which may contribute to in-
consistent findings.

Inconsistency in the observed relations between sleep and
dietary intake in part may be due to differences in measure-
ment methods for both sleep and diet. Sleep duration was
most commonly assessed subjectively through self-report
(12, 37, 39-47, 49, 50), sleep logs (53), or a 7 d sleep diary
(12), whereas in a few studies, 7 d actigraphy was used instead
(48, 51, 53). Although the concordance between self-reported
and actigraphic sleep duration tend to be significant, self-
reported sleep duration tends to overestimate actigraphic
sleep duration (51, 83, 84). It is conceivable that self-reported
and actigraphic sleep durations may reflect other sleep mea-
sures related to dietary intake (53), and that self-reported
sleep also accounts for sleepiness or fatigue as well, which
may further influence energy balance (38, 48).

Furthermore, the dietary assessment methodologies also
present important limitations. Studies of sleep and diet have
used a variety of dietary assessment tools, including FFQs
(39, 41, 43, 47-49,), 24 h dietary recall (37, 42, 52, 53),
3 d food records (44, 51), and a 7 d food log (53), whereas
others have used less-reliable lifestyle questionnaires with
the use of undefined loose cutoffs, such as “infrequent in-
take” (40, 45, 46). The FFQ methodology is often limited
in its ability to assess total energy intake, and it does not usu-
ally allow the characterization of daily intake pattern (e.g.,
timing or frequency of eating occasions and snacking pat-
terns, etc.), whereas the 24 h dietary recall may not provide
a good representative measure of typical daily intake. In ad-
dition, studies investigating snacking have loosely defined
snacking as an eating episode between meals, and the lack
of precise definition may result in large variations in the
classification of intake. In addition, assessment of sleep
and diet in large cohort studies tends not to be done concur-
rently, possibly introducing random misclassification (40).

Inconsistencies in data analyses are also evident. There is
great variability in the cutoffs used to define short sleep du-
ration, and the most common cutoffs are <6 h (39, 40, 45,
49), =6 h (37, 42, 47, 50), and <7 h (41, 44, 46), which often

TABLE 3 Recommendations for future studies investigating the
relation between sleep duration and dietary intake

Recommendations

Study design

1) Use an objective assessment of sleep variables, including duration

2) Collect data related to sleep and diet simultaneously

3) Include daytime sleep (i.e, napping) in addition to nighttime
(nocturnal) sleep

4) Assess for effect modification by relevant genetic variants

5) Conduct intervention studies and sleep extension clinical trials

6) Conduct longitudinal studies assessing the impact of changes in
sleep duration on dietary intake

7) Use an accurate assessment of dietary intake through validated
questionnaires or objectively measured intake, taking into ac
count timing of intake, frequency of consumption, and snacking

Data analysis

1) Use common cutoffs for defining short sleep duration

2) Test for nonlinear (U-shaped) associations between sleep and in
vestigated outcomes

3) Account for seasonality of data collection and timing of
assessment

4) Test for potential effect modifiers, such as age, sex, BMI,
race/ethnicity, or disinhibition

5) Account for potential confounders in multivariate analyses

6) Confirm findings from small studies in larger population-based
cohort studies and test causality and mechanisms in controlled
experimental studies

represents similar groups, because sleep is often assessed in
1 h increments. Further subdividing short sleepers into
short and very short sleepers may also result in conflicting
findings among studies (37). Whereas categorizing sleep
duration in data analysis may reduce the misclassification
resulting from recall bias by grouping individuals with
similar perceived sleep duration, collapsing sleep duration
into categories may also reduce the power necessary to de-
tect associations. However, linear associations between sleep
and dietary intake could impede the detection of nonlinear
associations (16, 17, 70). Furthermore, data analysis meth-
odologies vary between univariate (ANOVA) (49), bivariate
[chi square test (45), Pearson correlation (12, 52), or ¢ test
(53)], multivariate [linear/logistic regression model (37,
39, 40, 42-44, 46, 47, 50, 51) or partial correlation
(48)], or principal component (41) analyses. Moreover, ad-
justments for health status and other potential confounders
in multivariate analyses varied and were not consistent
across studies. Studies commonly included age, sex, gender/
ethnicity, and BMI (37, 42—44, 47, 50, 51), and others further
accounted for additional demographics and socioeconomic
and health factors (37, 39, 42, 44, 46, 47, 50), possibly leading
to contradictory findings.

Evidence gaps and research needs

Investigations of the link between sleep and diet are scarce
and several factors should be taken into account moving for-
ward in order to address the large uncertainties still present
(Table 3). Greater emphasis should be placed on accurate
assessment of sleep duration via polysomnography and ha-
bitual diet through multiple food records or dietary recalls
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and further focusing on the timing and frequency of intake
and snacking. Defined cutoffs for short sleep duration, such
as those presented by the National Sleep Foundation, should
be adopted in order to maintain consistency among studies.
However, sleep duration is only one of several sleep varia-
bles. Preliminary evidence suggests that insufficient, disrup-
tive, and late sleep is also associated with a higher intake of
fat, lower intake of carbohydrates, and lower dietary quality
(47, 52, 53, 85, 86), and further investigations are necessary
to consider the impact of sleep fragmentation, efficiency,
and quality on dietary intake. Because napping in the United
States is highly prevalent (~51%) (3), and objectively mea-
sured napping duration has previously been associated with
diet (48), napping also requires consideration in future anal-
yses. Furthermore, longitudinal studies of sleep duration
and changes in intake are lacking and necessary to examine
how change in sleep could affect dietary behavior (87). Sea-
sonal differences in sleep duration have been shown in chil-
dren (88) and adults (89, 90) in whom objectively measured
sleep duration was significantly longer in the fall than in the
spring. Whether seasonality needs to be accounted for in fu-
ture investigations is yet to be determined.

The heritability of sleep duration is estimated to be 40%
(91), and population-based association studies (92) and re-
cent genome-wide association studies (93) have identified
genetic variants associated with habitual sleep duration, in-
cluding loci flanking the thyroid-specific transcription factor
paired box 8 (PAX8) and flanking immediate early re-
sponse 3 (IER3) and flotillin 1 (FLOT1). Future investigations
should assess whether genetic variants associated with sleep
duration or known to influence the metabolic mediators
linking sleep, metabolism, and obesity, such as CLOCK cir-
cadian locomotor output cycles kaput (CLOCK) (94) and
tribbles pseudokinase 1 (TRIBI) (95), can modify the links
between short sleep duration and dietary intake in gene X
environment interaction investigations in order to pinpoint
personalized sleep recommendations necessary to achieve
healthy intake profiles (43).

Furthermore, studies reporting the association between
sleep duration and diet tend to be gender-specific [women
(12, 39, 41, 47-49); men (45)] and include a narrow age-
group [younger (49, 53); older (39, 41, 47, 48, 52)] by
design, whereas those that include both genders identify
more associations in sex-specific strata (37, 43). The mech-
anisms underlying these sex-specific associations are un-
clear, but could include sex-specific hormonal differences,
differences in self-reporting behaviors (96), or differences
in sleep duration between older adult men and women (1,
47, 52). Exploration of effect modification by age and gen-
der, as well as BMI and race/ethnicity, in nationally repre-
sentative samples, is required.

Finally, causal relations cannot be inferred from epidemi-
ologic studies, so it is imperative that we integrate informa-
tion from epidemiologic studies along with controlled sleep
intervention studies and sleep extension trials in chronic
short sleepers to establish the causal relation between short
sleep and changes in dietary intake. In an experimental sleep
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restriction study, having healthy adults transition from sleep
restriction to adequate sleep opportunity led to reduced
food intake, including lower fat and carbohydrate intake,
and prevented weight gain (31), whereas sleep extension
trials in chronically sleep-deprived (<6.5 h) young adults at
risk of obesity observed that sleep extended to 8.5 h for
2 wk was associated with lower overall appetite and desire
for sweet and salty food, which encompassed energy-dense
and highly palatable snacks (97). Additional studies are cur-
rently underway in adults (registered at clinicaltrials.gov as
NCT00261898) and infants (registered at clinicaltrials.gov as
NCT00125580).

Translating evidence on sleep and diet for health and
weight-loss interventions

Sleep loss undermines health and wellness and is becoming
extremely widespread. Although the existing evidence on
sleep duration and diet has significant limitations, the over-
all evidence on sleep and health would suggest that account-
ing for sleep might benefit health interventions. In addition
to diet and physical activity, health guidelines, obesity pre-
vention campaigns, and weight-loss programs should in-
clude improved sleep and sleep hygiene as an additional
behavioral component to target the widespread prevalence
of obesity and chronic disease (18). Short sleepers engage
in pro-obesogenic eating behaviors, which contributes to
the obesity epidemic. In addition, short sleep duration also
compromises the efficacy and success of weight-loss inter-
ventions, resulting in the loss of fat-free body mass during
periods of reduced caloric intake (98). Our results also sug-
gest that longer sleep duration could attenuate genetic pre-
disposition to obesity (43), and additional studies suggest
that sleep could further attenuate genetic risk of various
chronic diseases (91, 99). Taking into account the causal ev-
idence and epidemiologic relations between sleep loss and
metabolism and cardiovascular function, health promotion
strategies should emphasize improved sleep as an additional
factor in health and weight management.

Addressing the importance of sleep for health requires
emphasis on minimizing behaviors and environmental con-
ditions that could be disruptive to sleep. Diet-related recom-
mendations include consuming foods that promote sleep
while avoiding others that might disrupt sleep, and limiting
food intake within 2—3 h before bedtime. Additional general
recommendations can be found in a previous review from
Advances in Nutrition (7), the National Sleep Foundation
(100), the American Academy of Sleep Medicine and Sleep
Research Society (101), and Healthy People 2020 (102).
Adopting these recommendations may improve dietary pro-
files through improvements in sleep.

Conclusions

Sleep exerts a wide range of physiologic functions, and, in
this review, we have provided evidence that short sleep du-
ration is associated with higher total caloric intake, higher
absolute intake of fat, and diets with relatively higher fat
and lower protein composition, and limited evidence that



short sleep duration is associated with lower intake of fruits
and vegetables and diets of lower quality. It is also possible
that sleep has an impact on intake behaviors and the timing
of caloric intake. Specifically, evidence points to the fact that
eating behaviors deviate from the traditional 3 meals/d to
fewer main meals and smaller, more frequent energy-dense
and highly palatable snacks throughout the day and primar-
ily concentrated at night in short sleepers. Mechanisms me-
diating the associations between sleep duration and dietary
intake are likely to be multifactorial, and include differences
in appetite-related hormones leptin and ghrelin, hedonic
pathways, extended hours for intake, and altered time of in-
take; however, additional mechanisms may exist, and epide-
miologic studies along with controlled sleep intervention
studies and sleep extension trials in chronic short sleepers
are imperative to establish these causal relations. These crit-
ical nutritional nuances contribute to an unhealthy diet that
predisposes people to obesity and various chronic diseases.
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